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. 1 2 . 13 . 13 . 14 . Denitration of high-level radioactive w a s t e s with formaldehyde h a s been successfully accomplished on a full plant s c a l e at Hanford's P u r e x chemical s e p a r a t i o n s plant. In the P u r e x plant, plutonium, neptunium, and uranium are r e c o v e r e d f r o m i r r a d i a t e d fuel e l e m e n t s by dissolving the e l e m e n t s in H N 0 3 and subjecting the resulting solution t o a m u l t i s t e p solvent-extraction p r o c e s s . The plutonium, neptunium, and uranium a r e decontaminated f r o m radioactive fission products and r e c o v e r e d as s e p a r a t e d n i t r a t e product solutions. The bulk of the fission products is contained in a single waste-raffinate s t r e a m which is p r o c e s s e d f o r r e c o v e r y of s p e c i a l m a t e r i a l s and by-products, neutralized with NaOH and t r a n s f e r r e d t o s t o r a g e in l a r g e underground t a n k s . Relative effectiveness and c o s t s , however, a r e not yet f i r m . F i n a l choice of the p r o c e s s t o be used f G r continued P A W denitration in P u r e x w i l l be dictated by relative p r o c e s s and economic effects of integrating the denitration s t e p into the o v e r a l l plant s y s t e m .
SUMMARY AND CONCLUSIONS
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Continuous denitration of P u r e x acid waste ( P A W ) with formaldehyde h a s been successfully demonstrated in a full-scale plant prototype unit in the Hanford P u r e x plant. The reaction is smooth and is e a s i l y and s a f e l y controlled. Because s e v e r e foaming can o c c u r in the r e a c t i o n v e s s e l , the u s e of an antifoam agent is r e q u i r e d t o attain acceptable plant p r o c e s s i n g r a t e s . Extensive l a b o r a t o r y and pilot plant work, p r o p e r equipment design, and s a t i s f a c t o r y operating p r o c e d u r e s w e r e the b a s e s f o r developing adequate s a f e g u a r d s that a s s u r e complete control of the reaction at all t i m e s .
During operation, the formaldehyde and the preheated P A W s t r e a m (with 50 t o 100 parts antifoam p e r million p a r t s PAW) a r e added continuously to the r e a c t o r which is maintained at 95 C .
concentration of approximately 6 . l M ,
-the f r e e acid is reduced t o 0 . 5 t o 1, OM in the t r e a t e d waste. About 2 . 5 m o l e s of f r e e acid are destroyed p e r m o l e of formaldehyde added to the unit f o r a 60% reaction efficiency.
A decontamination f a c t o r of 10 which m e a n s that the r a t i o of radioactivity to H N 0 3 in the r e c o v e r e d acid h a s been reduced by a factor of 1 0 , 0 0 0 when compared t o the same r a t i o in the high activity waste ( P A W ) . Formaldehyde denitration of the P u r e x acid w a s t e s r e d u c e the chemical c o s t s of waste t r e a t m e n t and s t o r a g e .
i n c r e a s e s the s t o r a g e capacity of underground tanks because of l e s s s a l t s in the w a s t e , i n c r e a s e s the flexibility of waste t r e a t m e n t equipment, and i m p r o v e s the quality of feed f o r fission product r e c o v e r y .
denitration is a safe and economical p r o c e s s f o r supplementing n o r m a l waste t r e a t m e n t operations in a Purex-type radiochemical plant,
In addition, the p r o c e s s Formaldehyde
PUREX PLANT OPERATION
The P u r e x plant p r o c e s s flow is shown in F i g u r e 1 and is d e s c r i b e d
in R e f e r e n c e s (1) and ( 2 ) . The key s t e p s involve feed preparation; solvent extraction s e p a r a t i o n of the d e s i r e d products: and subsequent t r e a t m e n t of the s e p a r a t e d p r o d u c t s , the sclvent, and the waste s t r e a m s ,
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In t h e first s t e p , caustic solution is used t o r e m o v e the aluminum
The m e t a l l i c jacket surrounding the uranium in the i r r a d i a t e d fuel e l e m e n t . uranium is dissolved in HNO containing plutonium, neptunium, and fission products. T h e feed solution is then contacted by an organic base ( 3 0 v0170 tributylphosphate, 7 0 v0170 diluent similar t o k e r o s e n e ) in a pulsed solvent extraction column under the p r o p e r chemical and flow conditions s o that the plutonium, neptunium, and uranium t r a n s f e r into the solvent leaving the fission products in the aqueous phase. Subsequent p r o c e s s i n g s e p a r a t e s the plutonium and neptunium f r o m the uranium in the Partitioning and Second Uranium E x t r a ction Columns by p r o p e r adjustment of the plutonium and neptunium valence states. T h e t h r e e products leave the First Cycle as aqueous s t r e a m s and e a c h is subjected t o a second t r a n s f e r into the solvent (leaving the fission products in the aqueous phase) f o r additional fission product decontamination. t h r e e Second Cycle operations a r e combmed, concentrated and introduced into the f i r s t column t o r e c o v e r any plutonium, neptunium and uranium that m a y have remained with the fission products, the fission products ( g r e a t e r than 9 9 . 9Oj0) leave the s e p a r a t i o n s equipment in the HN03 effluent f r o m the f i r s t column.
to f o r m an acid-uranium n i t r a t e solution 3
The fission product s t r e a m s f r o m the First Cycle and the Thus virtually all of T h e raffinate waste s t r e a m , P u r e x high-activity w a s t e (PAW), is t h e r m a l l y concentrated to r e c o v e r HN03 and reduce the volume; about 9 0 to 9570 of the HNO 5 t o 10% of the H N 0 3 is neutralized during and immediately a f t e r the waste is p r o c e s s e d f o r r e c o v e r y of d e s i r a b l e fission products. zation of acid is r e q u i r e d t o p e r m i t s t o r a g e of the waste in c a r b o n steellined c o n c r e t e tanks. such that the solution is self-boiling and r e q u i r e s that t h e m a t e r i a l be adequately contained f o r hundreds of y e a r s . Consequently, construction of suitable s t o r a g e s p a c e is costly and the incentive is g r e a t to reduce the s t o r e d w a s t e volume t o a m i n i m u m compatible with safety and the r e q u i r e d high s t o r a g e integrity.
in the waste s t r e a m is r e c o v e r e d . The r e m a i n i n g 3
Neutrali-
The radioactivity content of t h i s waste s t r e a m is The reaction of formaldehyde and HNOQ has been known f o r years as a method of reducing the concentration of H N 0 3 and n i t r a t e s f r o m solutions without adding undesirable nonvolatile m a t e r i a l s t o t h e s y s t e m .
e v e r , the reaction was pictured a s violent and difficult t o control m a i n l y because of i t s induction period. Very little information w a s r e p o r t e d in the l i t e r a t u r e until T . V . Healy of the United Kingdom Atomic E n e r g y R e s e a r c h Establishment published h i s work in 1 9 5 7 . ( 3 ) H i s studies of the r e a c t i o n w e r e conducted at 100 C , and demonstrated that at t h i s elevated t e m p e r a t u r e , the induction period is negligible. The r e s u l t s f r o m t h e s e studies confirmed the feasibility of conSpecific information tinuous denitration of synthetic P u r e x plant P A W . obtained f r o m t h e s e studies included:
( 1) T h e efficiency of formaldehyde utilization depended p r i m a r i l y on the t e m p e r a t u r e a t which the acid feed was introduced into the s y s t e m ; a t e m p e r a t u r e n e a r boiling w a s r e q u i r e d t o obtain good efficiency .
( 2 ) Over 95% of the free acid" w a s removed at a r a t i o of about 3 m o l e s of f r e e acid p e r mole of formaldehyde added.
( 3 ) The r e s i d u a l f r e e acid m u s t be g r e a t e r than 0 . 3M -t o prevent s o l i d s precipitation.
(4) D i s c h a r g e of the formaldehyde e i t h e r above or below the s u r f a c e of t h e liquid w a s i m m a t e r i a l t o the efficiency of the r e a c t i o n . P a r t i c u l a r attention w a s given to studies involving p r e s s u r i z a t i o n of t h e equipment due t o possible inadvertent addition of formaldehyde to H N 0 3 at low t e m p e r a t u r e s followed by heating. T e s t s showed that when cold H N 0 3 and formaldehyde w e r e mixed and heated, the subsequent p r e s s u r e i n c r e a s e d with HNOQ concentration until 47 i n . H 2 0 p r e s s u r e ab F r e e acid (dissociated hydrogen ions) analysis is determined by a coulom e t r i c t i t r a t i o n that g e n e r a t e s a f r e e b a s e by the constant c u r r e n t e l e c t r o l y s i s of a dilute sodium bromide solution. The r e s u l t s a r e r e p o r t e d a s f r e e acid m o l a r i t y .
.8-
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w a s generated at 5M H N 0 3 . usually s t a r t e d before the mixture w a s heated or before the concentration of formaldehyde could be i n c r e a s e d sufficiently t o produce a p r e s s u r e above 47 in. of w a t e r .
At higher acid concentrations, the reaction -
VI, APPLICATION T O THE PUREX PLANT
Successful pilot plant denitration of simulated P u r e x plant P A W prompted f u r t h e r evaluation as to the application of the reaction t o the P u r e x plant. 
Not only would the
In addition, at n o r m a l production r a t e s , the value of the H N 0 3
T h e r e a c t i o n between formaldehyde and H N 0 3 w a s recognized a s
The u s e of t h i s reaction to t r e a t highan e x o t h e r m i c reaction with a possible induction period, and under c e r t a i n conditions could be quite violent. activity waste in the p r o c e s s i n g plant meant that the reaction m u s t be under control at a l l t i m e s .
p r o d u c t s , l o s s of control cannot be t o l e r a t e d .
and t h e r e s u l t s of the s e m i w o r k s t e s t s , control could be a s s u r e d under p r o p e r operating conditions, install formaldehyde denitration equipment as a prototype s y s t e m with all the n e c e s s a r y s a f e t y f e a t u r e s engineered into it which would prevent losing control of the reaction. The plant p r o c e s s flow sheet and prototype equipment design (7) were patterned a f t e r that developed f o r the semiworks studies a s shown in F i g u r e 3 .
Overflow Tank through a p r e h e a t e r into a packed tower mounted above the r e a c t o r .
c u r r e n t t o the hot gaseous products f r o m the r e a c t i o n and is at o r n e a r the boiling point when i t d r o p s into the r e a c t o r .
into the r e a c t o r and is discharged onto the s u r f a c e of t h e liquid.
A controlled flow of P A W is pumped f r o m the Concentrator
T h e heated PAW t r a v e l s downward through the tower counter-
Formaldehyde is m e t e r e d
The products of the r e a c t i o n , C 0 2 , H 2 0 and oxides of nitrogen, t r a v e l upward through the packed tower and a r e deentrained in t h e packed section above the P A W inlet and by the tantalum m e s h deentrainment pad mounted above the packed section of the tower. 60% of the oxides of nitrogen p r e s e n t a r e r e c o v e r e d in t h i s s t e p .
T h e deentrained off-
The w a t e r vapor is condensed on the About Depending upon i t s radioactivity content, the r e c o v e r e d acid c a n be r e c y c l e d t o the P u r e x Acid Waste Concentrator f o r additional decontamination by evaporation, or i t can be routed d i r e c t l y into the P u r e x plant r e c o v e r e d acid s y s t e m .
throughout the plant. 
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Safety considerations were designed into the equipment w h e r e v e r T o locate the denitration equipment adjacent to the vessels possible.
handling the P A W , the reaction v e s s e l was i n s e r t e d inside a 5000 gal tank and the additional equipment w a s mounted on or above the tank. T h e tankwithin-a-tank concept provides a safety f e a t u r e which w a s not included as a design r e q u i r e m e n t but which could provide an additional m a r g i n of safety.
high) w a s selected t o limit the amount of formaldehyde and PAW reacting at one t i m e on the p r e m i s e that a l a r g e tankful of r e a c t i n g formaldehyde and H N 0 3 out of control would be m o r e hazardous than a s m a l l tankful.
O t h e r safety controls a r e described in the section concerning s a f e t y in st r u m e n t at ion. The t e m p e r a t u r e s of the preheated PAW, the reaction v e s s e l cont e n t s and the r e c o v e r e d acid r e c e i v e r a r e m e a s u r e d by t h e r m o h m s . The m e a s u r e d t e m p e r a t u r e is r e c o r d e d by a r e c o r d e r -c o n t r o l l e r which actua t e s a steam control valve t o maintain the d e s i r e d t e m p e r a t u r e . The p r e s s u r e within the r e a c t o r and the differential pressures across the r e a c t o r t o w e r and the packed condenser a r e m e a s u r e d and r e c o r d e d .
Safety Instrumentation ( F i g u r e 4)
The condition that m u s t be avoided during the operation of the f o r m a ldehyde unit is the addition of formaldehyde t o the reaction v e s s e l before the solution t e m p e r a t u r e in t h e v e s s e l r e a c h e s 80 C.
interlock e x i s t s between the t e m p e r a t u r e r e c o r d e r -c o n t r o l l e r f o r the reaction v e s s e l and the e l e c t r i c a l c i r c u i t f o r formaldehyde pump.
pot t e m p e r a t u r e falls below 90 C, the c o n t r o l l e r s h u t s off the formaldehyde pump if it is running or p r e v e n t s its being s t a r t e d if i t is not running. e i t h e r c a s e , the pot t e m p e r a t u r e m u s t exceed 9 0 C before the pump c a n be s t a r t e d . sufficiently high t o prevent an induction period which could r e s u l t in a delayed reaction and p r e s s u r i z a t i o n within the equipment. If f o r any r e a s o n a vigorous reaction t a k e s place in the r e a c t i o n pot, and the o p e r a ting p r e s s u r e in the pot which is n o r m a l l y negative becomes positive and exceeds 2 in. w a t e r p r e s s u r e , an interlock s h u t s off the formaldehyde pump automatically t o prevent f u r t h e r formaldehyde addition t o the r e a c t i n g mixt u r e . the pump m a y be r e s t a r t e d .
F o r t h i s r e a s o n , an
If the In T h u s a t all t i m e s of formaldehyde addition, the t e m p e r a t u r e is After a negative p r e s s u r e h a s been r e e s t a b l i s h e d and not b e f o r e , T h e solvent used in the P u r e x p r o c e s s m a y become degraded and nitrated if allowed t o r e m a i n in contact with concentrated HN03 solutions at elevated t e m p e r a t u r e s , T h e m o s t likely location f o r forming n i t r a t e d , degraded solvent is in the w a s t e concentrator, where the HN03 concentration r a n g e s f r o m 5 t o 7M and the holdup time is g r e a t e r than 50 h r .
Nitrated solvent is unstable and could produce a violent chemical r e a c t i o n -if heated t o a t e m p e r a t u r e g r e a t e r than 130 C in the p r e s e n c e of heavy m e t a l s a l t s o r if heated t o g r e a t e r than 150 C in the p r e s e n c e of P A W . T o i n s u r e a t e m p e r a t u r e of less than 150 C at a l l t i m e s (in c a s e s o m e degraded solvent should e n t e r the denitration equipment), the s t e a m p r e ss u r e t o the c o i l s of the PAW p r e h e a t e r and the reaction v e s s e l is limited t o a m a x i m u m p r e s s u r e of 39 l b / i n .
control and p r e s s u r e relief valves.
by the installation of p r o p e r l y selected Since heavily nitrated and degraded solvent is h e a v i e r than the aqueous p h a s e , it accumulates on the bottom of v e s s e l s .
introduction of degraded solvent and solids into the formaldehyde d e n i t r ation r e a c t o r , the suction of the pump in the feed tank is located 1 2 in. off the bottom. P o s s i b l e accumulations of nitrated solvent and s o l i d s are periodically purged f r o m the feed tank by s t e a m e j e c t o r t r a n s f e r of the bottoms d i r e c t l y into the n e u t r a l i z e r tank, bypassing the denitration e qu ipm ent .
To prevent the C . Remote Maintenance Concept P r o c e s s i n g highly radioactive m a t e r i a l s not only r e q u i r e s r e m o t e operation of the equipment, but a l s o dictates r e m o t e maintenance capabilit i e s if failed equipment is t o be replaced or r e p a i r e d within a reasonable t i m e . Usually, failed equipment m u s t be replaced because high radiation dose r a t e s prevent maintenance personnel f r o m approaching and r e p a i r i n g it. C e r t a i n t y p e s of equipment pieces have sufficient value or r e q u i r e long enough d e l i v e r y t i m e t o w a r r a n t t h e i r decontamination and repair; however, t h i s is a lengthy p r o c e d u r e .
In any event, replacement or r e p a i r r e q u i r e s r e m o v a l of the equipment piece f r o m the p r o c e s s i n g a r e a remotely. At Hanford, r e m o t e maintenance is accomplished by a shielded-cab c r a n e that h a s a p p r o p r i a t e hooks and e l e c t r i c a l l y operated impact wrenches attached t o c a b l e s on d r u m s . through a monocular periscope. fabricated with connector nozzles which c a n be ''made up" by turning t h e head of a single bolt.
The o p e r a t o r views the work a r e a f r o m inside the shielded c a b Equipment p i e c e s and piping sections a r e T h e s e connector heads a r e used on piping called j u m p e r s " t o t r a n s p o r t s t e a m , w a t e r , p r o c e s s solutions, condensate, 
schedule of installation t o avoid i n t e r f e r e n c e s .
The equipment and piping w e r e designed t o p e r m i t a sequence
VI11 . DEMONSTRATION OF PLANT -SC ALE OPERATION
A . E a r l y Operating Experience E a r l y operating experience with the prototype s y s t e m in the plant demonstrated that safe control of the r e a c t o r operation w a s p r a c t i c a l .
T h e r e s p o n s e of the safety f e a t u r e s and the individual capacities of the s y s t e m components w e r e established during a s e r i e s of p r e l i m i n a r y operability t e s t s and initial t e s t operation with plant solutions. tion was found t o s t a r t within 1 to 3 m i n a f t e r the initial addition of f o r m a ldehyde t o the heated P A W solution.
controllable although mechanical equipment difficulties did not p e r m i t good operating continuity.
The reacOperation appeared smooth and P r o c e s s efficiencies r e a l i z e d during e a r l y t e s t operations with the prototype unit, however, w e r e disappointingly low Allowable throughput r a t e s and denitration efficiencies appeared t o be l e s s than half that o r both of two probable conditions w e r e occurring:
formaldehyde w e r e reacting in the t o w e r , and ( 2 ) 
frequently two t o t h r e e t i m e s the flow sheet value because of an oversized r o t a m e t e r ; ( 2 ) a failed t h e r m o h m e r r o n e o u s l y indicated the m a x i m u m obtainable r e a c t o r t e m p e r a t u r e t o be 95 t o 100 C when the t e m p e r a t u r e w a s actually higher; (3) the gasket between the r e a c t i o n v e s s e l and the tower did not s e a l tightly and allowed highly radioactive vapor and liquid t o leak into the c e l l i f the s y s t e m w a s slightly
p r e s s u r i z e d ; and ( 4 ) a section of the t r a n s f e r line between the PAW feed tank and the r e a c t o r plugged during a shutdown period.
By p r o p e r maintenance and equipment modifications plus continued the equipment difficulties w e r e r e s o l v e d . operation of the plant prototype However, because r e m o t e operation of the unit prevented a diagnosis and because e x p e r i m e n t a l operations i n t e r f e r e d with production r e q u i r e m e n t s , a rapid and exact definition of the p r o c e s s problem was impossible in the plant unit. Consequently, f u r t h e r l a b o r a t o r y and s e m i w o r k s studies w e r e initiated.
B. Scale Model Operation ( 9 )
Construction and operation of a one-tenth s c a l e g l a s s model denit r a t i o n unit showed that the principal difficulty observed with the plant prototype unit w a s associated with s e v e r e foaming in the r e a c t o r pot.
Two m a j o r t e s t study a r e a s w e r e investigated in the s c a l e model; o p e r ation without organic m a t e r i a l s in the feed and operation with organic m a t e r i a l s in the feed. tower w a s evaluated and batch v e r s u s continuous operation w a s t e s t e d .
In addition, the probability of p r e r e a c t i o n in the H W -7 9 6 2 2
The operating difficulties that had been experienced in the plant unit w e r e not encountered in s c a l e model operation during initial t e s t s using synthetic PAW that had not been contacted with solvent. operated smoothly and the reaction was e a s i l y controlled. The p r e s s u r e d r o p a c r o s s the tower was l e s s than 1 in. of w a t e r at a l l flows t e s t e d and no difficulty w a s experienced in maintaining 10 to 20 in. of vacuum in the r e a c t i o n pot.
observed even at r a t e s equivalent t o the plant flowsheet r a t e .
The unit N o flooding or e x c e s s reaction i n the tower packing w a s Plant operating difficulties w e r e closely duplicated when s e v e r e foaming w a s induced in the g l a s s s c a l e model by the addition of solvent degradation product (dibutyl phosphate) to the synthetic P A W .
formaldehyde r a t e s , operation was essentially unchanged f r o m e a r l i e r r u n s conducted without dibutyl phosphate p r e s e n t . At flow sheet r a t e s , however, foam r o s e 7 6 in. above the overflow and 14 in. into the packed t o w e r . the bottom of the t o w e r , the p r e s s u r e d r o p a c r o s s the tower r o s e (up t o 2 3 in. of w a t e r ) and pot p r e s s u r e i n c r e a s e d (up t o 15 in. of w a t e r ) .
At low Whenever the foam l a y e r covered the p r e s s u r e t a p at
The foam problem was alleviated in the s c a l e model by the addition of antifoam agents to the synthetic P A W . Of the t h r e e antifoam agents t e s t e d , antifoams containing silicone in an emulsifying agent w e r e the m o s t effective. height w a s reduced by a f a c t o r of two, and the tower differential p r e ss u r e dropped from 2 3 t o 5 in. of w a t e r . In addition, the appearance of the foam and solution in the reaction pot at n o r m a l flowsheet r a t e s w a s changed when antifoam agents w e r e added t o PAW. T h e definite interface between the foam l a y e r and r e a c t i n g liquid o r d i n a r i l y s e e n n e a r the o v e rflow disappeared but s t r e a m s of foam permeated the liquid in the pot t o within 2 8 in. of the bottom. After the addition of an antifoam agent, the m a x i m u m foam height w a s 3 7 in. and m a x i m u m differential p r e s s u r e a c r o s s the tower was only 5 in. of w a t e r , compared to 7 6 in. and 2 3 i n . , r e s p e c t i v e l y , at the s a m e r a t e s without antifoam. After the s c a l e model t e s t s , continuous denitration of P u r e x high level waste with formaldehyde was successfully demonstrated in the plant prototype unit. Operation of the prototype unit is based upon the F o r m a ldehyde Denitration Flowsheet outlined in F i g u r e 9 .
p r e h e a t e r and reaction v e s s e l a r e maintained at 95 C by automatic c o n t r o l l e r s during the e n t i r e operating period.
contains approximately 6. 1M -H N 0 3 is pumped at a controlled r a t e through the flow pot through the p r e h e a t e r and into the packed section of the r e a c t o r t o w e r . P A W in the flow pot t o control foaming during the reaction.
formaldehyde solution stabilized with 6. 5 to 7. 5% methanol is pumped at a controlled r a t e into the vapor space of the reaction v e s s e l .
dehyde-treated waste continuously overflows into the receiving v e s s e l .
T h e o f f -g a s e s containing oxides of nitrogen, w a t e r v a p o r , and carbon dioxide a r e deentrained in the t o w e r , and then mixed with air before e n t e r i n g the updraft condenser where H N 0 3 is r e c o v e r e d f o r r e u s e in the P u r e x plant.
T e m p e r a t u r e s of the T h e PAW feed which An antifoam (10% silicone in an emulsifying agent) is added to the A 37 w t % The f o r m a lWhen antifoam is used t o minimize foaming in the reaction v e s s e l , t h e r e a c t i o n is smooth and e a s i l y controlled at flow sheet r a t e s .
antifoam addition, the formaldehyde flow r a t e m u s t be limited t o 50% of flowsheet r a t e to prevent the foam c r e a t e d in the r e a c t o r f r o m e n t e r i n g into the PAW s t r e a m at concentrations of 50 to 100 ppm reduces reactor foaming sufficiently to allow processing at flow sheet r a t e s .
Addition of the antifoam agent d i r e c t l y
Acid concentrations of the PAW s t r e a m v a r y somewhat depending upon operating conditions i n the plant solvent extraction section and waste concentrator; however, concentrations a s determined by t h e f r e e acid analysis c u r r e n t l y average 6. 1M HNO Ar, estimated 5070 of the acid that T e s t s a r e : : In t h i s r a n g e , the coulometric method used t o date f o r determining free acid (disassociated hydrogen ion concentration r e p o r t e d as f r e e acid) produces higher r e s u l t s than pH m e a s u r e m e n t s of the denitrated w a s t e s . Plant experience indicates the f r e e acid is actually l e s s than r e p o r t e d ; hence, efficiency calculations a r e biased low. is stopped until the r e a s o n f o r nonreaction can be determined. e x p e r i e n c e h a s shown the reaction s t a r t s within 1 to 3 m i n and is e a s i l y detected by fluctuations in the r e a c t o r liquid level and specific gravity readings in the r e a c t o r and i n c r e a s e d off-gas t e m p e r a t u r e s .
The H a z a r d s Control
After t e m p e r a t u r e s and liquid levels a r e adjusted to runsheet
If the r e a c t i o n does not begin within 3 m i n , the formaldehyde flow
Plant
After s t a r t of the reaction is a s s u r e d , the formaldehyde flow is A s the reaction becomes i n c r e a sslowly i n c r e a s e d t o flowsheet r a t e . ingly vigorous, the r e a c t o r p r e s s u r e r e c o r d e r and the r e a c t o r t o w e r differential p r e s s u r e r e c o r d e r indicate the extent of the reaction. n o r m a l operation, the tower differential r e c o r d e r r e g i s t e r s 40 t o 45 in. of w a t e r vacuum when the condenser vent s y s t e m r e g i s t e r s 50 in. of w a t e r vacuum. a vacuum of g r e a t e r than 15 i n , of w a t e r .
During
The reaction v e s s e l p r e s s u r e r e c o r d e r usually indicates
IX. ADVANTAGES O F FORMALDEHYDE TREATMENT
Formaldehyde t r e a t m e n t of P u r e x radioactive w a s t e s o f f e r s economic and operational advantages in t e r m s of reduced e s s e n t i a l m a t e r i a l s c o s t s , improved waste s t o r a g e capability and i n c r e a s e d plant flexibility.
w a s t e s with formaldehyde a r e s u m m a r i z e d in T a b l e s I and 11.
T h e relative effects of t r e a t i n g and not t r e a t i n g P u r e x acid heat generating fission products in the waste p r e c i p i t a t e s in alkaline solutions and tends t o settle on the bottom of the tanks in a l a y e r of sludge.
Dissipation of heat generated in the sludge is affected by the amount of solids deposited which is influenced by the circulation r a t e and s a l t content of the supernatants. Uncontrolled precipitation and settling out of s o l i d s could r e s u l t in t e m p e r a t u r e s considerably exceeding the control limit of 300 F. T h e sodium s a l t concentration in the tank is t h e r e f o r e limited to less than 8M t o prevent e x c e s s s a l t precipitation and sludge t e m p e r a t u r e i n c r e a s e s ,
The bulk of the Since construction c o s t s a r e continually i n c r e a s i n g , savings based upon c u r r e n t or future tank replacement c o s t s would be significantly higher.
A s indicated in T a b l e s I and 11, t h i s volume reduction is T. F. Evans. T h e Pilot P l a n t Denitration of P u r e x W a s t e s with 
